A total of 52 strains (41 of Yersinia enterocolitica strains, 3 Yersinia pseudotuberculosis strains isolated from animals, and 8 reference strains) were scored for 210 characters (64 morphological, 63 growth, 8 antibiotic susceptibility, and 75 biochemical) which were determined at both 37 and 22°C. The results were analyzed by numerical taxonomy methods (simple matching coefficients and clustering by unweighted average). The phenograms of the Y . enterocolitica strains delineated four and five phenons from the 37 and 22°C data, respectively. The phenons at 22°C were as follows: (i) rhamnose-negative, lecithinase-and sucrose-positive strains; (ii) rhamnose-, lecithinase-, and sucrose-negative strains; (iii) rhamnose-and lecithinase-negative, sucrose-positive strains; (iv) rhamnose-, lecithinase-, and sucrose-positive strains: and (v) rhamnose-positive, lecithinasenegative, and sucrose-positive strains. These five phenons were designated Yersinia enterocolitica sensu stricto (rhamnose negative), Yersinia frederiksenii (rhamnose positive), Yersinia intermedia (rhamnose and melibiose positive), and Yersinia kristensenii (sucrose negative). Y. enterocolitica is quite heterogenous, both phenetically and genetically, and previously reported work has been aimed at obtaining a more precise delineation of Y. enterocolitica (12, 20).
Based on genetic data obtained by deoxyribonucleic acid (DNA)-DNA hybridization, the following four species of Yersinia are currently recognized by Bercovier et al. (3, 4) , Brenner (6), Brenner et al. (7, 8) , and Ursing et al. (33) : Yersinia enterocolitica sensu stricto (rhamnose negative), Yersinia frederiksenii (rhamnose positive), Yersinia intermedia (rhamnose and melibiose positive), and Yersinia kristensenii (sucrose negative). Y. enterocolitica is quite heterogenous, both phenetically and genetically, and previously reported work has been aimed at obtaining a more precise delineation of Y. enterocolitica (12, 20) .
Y . enterocolitica sensu stricto contains rhamnose-and lecithinase-negative strains, as well as rhamnose-negative, lecithinase-positive strains. The latter are more prevalent in small rodents than the former (1, 2, 15, (17) (18) (19) . The taxonomic relationships of these strains have been examined in numerical analyses by Harvey and Pickett (12) , Kapperud et al. (20) , and Stevens and Mair (30) . However, numerical taxonomy has not yet been applied to differentiating the rhamnose-negative, lecithinase-positive strains from the strains that are rhamnose and lecithinase negative.
The isolation of sucrose-negative Y. enterocolitica strains has been reported in Japan (17), Europe (2, 26) , Canada (9) , and the United States (5). These strains were found in small rodents (2, 17) .
The purpose of this study was to determine, by numerical analysis, the taxonomic relationships of the rhamnose-and lecithinase-negative strains and the sucrose-negative strains of Y . enterocolitica from small rodents.
MATERIALS AND METHODS
Bacterial strains. A total of 52 strains (41 Y. enterocolitica strains, 3 Yersinia pseudotuberculosis strains isolated from animals, and 8 reference strains) were examined in this study (Table 1) . Of these, the 41 Y. enterocolitica strains (Table 1 , serial no. 5 through 30 and 38 through 52) and 3 Y. pseudotuberculosis strains (serial no. 31 through 33) were our isolates (14-17). In addition, reference strains of Y. enterocolitica (serial no. l), Y. frederiksenii (serial no. 2), Y. intermedia (serial no. 3 ) , and Y. kristensenii (serial no. 4), and four reference strains of Y. pseudotuberculosis (serial no. 34 through 37) were studied. Of these, strain 2 was 64% related to the type strain of Y. frederiksenii (strain 6175) based on DNA-DNA hybridization (33). Strain 3 is the type strain of Y. intermedia (7). All cultures were maintained frozen at -80°C in equal volumes of calf serum and a 10% lactose-water solution.
Methods. In determining the morphological characters, the organisms were subcultured on Trypticase soy agar (BBL Microbiology Systems) for 40 to 48 h. Twenty morphological characters based on cell length, width, and shape and eight characters based on cell arrangement were examined by staining the cells with 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  41  48  49  50  51 DL- phenylalanine. The morphological characters were coded as described by Colwell (10) . The abilities of the bacteria to utilize single carbon sources for growth were tested by the methods of Veron (35) . The carbon sources tested were acetic acid, N-acetyl glucosamine, L-alanine, amidol, Lasparatic acid, n-butyl alcohol, n-butyric acid, n-caproic acid, n-caprylic acid, citric acid, L-citrulline, Lcysteine, ethyl alcohol, D-fUCOSe, gluconate, Dglucosamine, D-glucose, L-glutarnic acid, DL-glyceric acid, glycine, L-histidine, isobutyric acid, L-isoleucine, isopropyl alcohol, isovaleric acid, a-ketoglutaric acid, DL-lactic acid, L-leucine, D-mdlic acid, L-methionine, methyl alcohol, mucic acid, melezitose, nicotinic acid, oxalic acid, phenol, L-phenylalanine, L-proline, propionic acid, propylene glycol, pyruvic acid, Dribose, L-serine, succinic acid, L-threonine, L-thyrosine, L-tartaric acid, L-tryptophane, n-valeric acid, valine, and urea.
Growth at pH 4, 7, and 9 was examined on nutrient agar (Difco) in which the pH was adjusted with trisaminomethane and citrate phosphate buffer after autoclaving. Tests for growth were made in or on the following media: nutrient broth containing 7.0% (wtl vol) NaCI; MacConkey agar (Eiken); Salmonella-shigella agar (Eiken); KCN broth; nutrient broth (Difco) containing 0.2% (wt/vol) 2,3,5-triphenyltetrazolium chloride; and nutrient agar (Difco) containing 1 .O% ox bile (Oxoid) and 0.032% potassium tartrate. The ability to grow at 0 and 42°C was determined in nutrient broth (Difco).
Antibiotic susceptibilities were determined on heart infusion agar (Difco) containing one of the following antibiotics: penicillin (10 U/ml), dihydrostreptomycin (2.5 kg/ml), chlorarnphenicol (2.5 pg/ml), erythromycin (30 pg/ml), kanamycin (2.5 pg/ml), chlortetracycline (90 kg/ml), terramycin (2.5 pg/ml), and tetracycline (2.5 kg/ml).
Production of acid from carbohydrates was detected in peptone water (Difco) containing 0.002% (wt/vol) bromthymol blue and 1% (wthol) filter-or heatsterilized carbohydrate. Acid formation was scored after 24 h and 3 days. The following carbohydrates were tested: adonitol, arabinose, arbutin, cellobiose, dextran, dulcitol, erythritol, esculin, fructose, galactose, glycerin, glycogen, inositol, inulin, maltose, mannitol, mannose, melibiose, a-methyl glucoside, rafiinose, rhamnose, salicin, sorbitol, sorbose, starch, sucrose, trehalose, and xylose.
The following tests were performed by the methods described by Cowan and Steel (11) . Hemolysis was detected on heart infusion agar (Difco) containing 2% washed sheep erythrocytes. To determine gelatin liquefaction, stabs in nutrient broth (Difco) containing 12% (wt/vol) gelatin were observed for 10 days. Other characters determined included: the mode of lactose metabolism by means of the oxidation-fermentation medium of Hugh and Leifson; production of dextran and levan on nutrient agar (Difco) containing 5% (wt/ vol) sucrose; methyl red and Voges-Proskauer reactions in methy red-Voges-Proskauer broth (Eiken); oxidase by the method of Kovacs; catalase activity (addition of 3% hydrogen peroxide to growth on heart infusion agar [Difco]); phosphatase production by the method of Baird-Parker; and reduction of nitrate and nitrite (determined in peptone water [Difco] containing 0.1% potassium nitrate or potassium nitrite). Also tested were the following: reactions in purple milk; hydrolysis on skim milk agar made from heart infusion agar (Difco) containing 1% skim milk; ammonia production from Trypticase peptone water (BBL); hydrogen sulfide production on triple sugar iron agar (Eiken); urease production on Christensen urease agar (BBL); indole production (determined in lysine-indolemotility medium [Nissui] by using Kovac reagent); hydrolysis of Tweens 20, 40, 60, and 80 on Sierra medium; citrate utilization on Simmons medium; phenylalanine deaminase production on phenylalanine agar (Difco); production of decarboxylases for Llysine, L-ornithine, L-arginine, and L-glutamic acid in Mgller medium; arginine hydrolysis on arginine medium; esculin hydrolysis on nutrient agar (Difco) containing 0.1% ferric citrate and 0.1% esculin; deoxyribonuclease production on deoxyribonuclease medium (BBL); utilization of the organic acids of D-tartrate, mucate, and citrate on the medium of Kauffmann and Petersen; lecithinase production on heart infusion agar (Difco) containing 0.5% egg yolk; oxidation of gluconate in gluconate broth and hippurate hydrolysis on hippurate agar; and decomposition of tyrosine and xanthine on tyrosine and xanthine agars. The o-nitro-
phenyl-P-D-galactopyranoside test was performed with o-nitrophenyl-P-D-galactopyranoside broth.
Acetoin formation on nutrient broth containing 0.5%
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With the exception of the determinations of temperature growth ranges, all tests were done at both 22 and 37°C.
Numerical analysis. The simple single-linkage method was used for the numerical analysis. The data were coded in binary notation by using 1 for positive and 0 for negative. All characters were assigned equal weight, and the association coefficients between pairs of bacteria were obtained by computation, using the program of Quadling (27) . The similarities between pairs of strains were calculated by using the simple matching coefficient, including negative matches in the similarity computation. Pairs of strains were arranged in order of their similarity values by computation. Phenograms were constructed from the computation data by using the method described of Lessel and Holt (21) . The unweighted pair group method was used.
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At a similarity level of 93%, the 37°C matrix distinguished five clusters (Fig. 1) . All seven strains in cluster 1 belonged to Y. pseudotuberculosis. The 11 strains in cluster 2 were sucrose, rhamnose, and lecithinase negative. Five of the six strains in cluster 3 were sucrose positive and rhamnose and lecithinase negative; the other strain in cluster 3 was sucrose, rhamnose, and lecithinase negative. A total of 14 of the strains in cluster 4 were sucrose positive, rhamnose negative, and lecithinase positive. Six of the nine strains in cluster 5 were sucrose and rhamnose positive and lecithinase negative, and the other three strains in cluster 5 were sucrose, rhamnose, and lecithinase positive. Five strains (strains 1, 4, 9, 16, and 17) were not clustered.
At a similarity level of 92%, the 22°C matrix distinguished six clusters (Fig. 2) . The strains in clusters 1 , 2 , 3 , and 6 were found in clusters 4, 2, 3, and 1 of the 37°C matrix, respectively. The strains in clusters 4 and 5 were in cluster 5 of the 37°C matrix. The three strains in cluster 4 were sucrose, rhamnose, and lecithinase positive, and seven strains in cluster 5 were sucrose and rhamnose positive and lecithinase negative. Three of the five unclustered strains of the 37°C matrix were clustered in the 22°C matrix; two strains (strains 16 and 17) were in cluster 3, and one strain (strain 9) was in cluster 5. Two strains (strains 1 and 4) were not clustered.
The biochemical characters which differentiated clusters 1 through 5 of the 22°C phenogram are shown in Table 6 . The 14 strains in cluster 1 were rhamnose negative and lecithinase and sucrose positive; the 12 strains in cluster 2 were rhamnose, lecithinase, and sucrose negative ; the 7 strains in cluster 3 were rhamnose and lecithinase negative and sucrose positive; the 3 strains in cluster 4 were rhamnose, lecithinase, and sucrose positive; and the 7 strains in cluster 5 were rhamnose positive, lecithinase negative, and sucrose positive.
G+C contents of the sucrose-negative strains of Y . enterocolitica. strains of Y. enterocolitica isolated from rodents; all of the G + C values were about 49 mol%. The G+C content of the DNA of the A. safmonicida strain which was used as a control was 57.2 mol%. DISCUSSION In our study, the typical rhamose-negative Y. enterocolitica strains were divided into two clusters, lecithinase-positive and lecithinase-negative strains ( Fig. 1 and 2 ). Lecithinase-positive strains have been isolated frequently from rodents in Japan (15, 17) and Europe (1, 18, 19). Lecithinase-negative strains, which are recognized as human enteric pathogens, have seldom been detected in these animals (15). The reservoirs of the human pathogens are pigs (13, 25, 26, 31, 32, 37) and dogs (16). Thus, lecithinasenegative and lecithinase-positive strains of Y. enterocofitica seem to have different host species. Wauters (36) placed the lecithinase-positive and lecithinase-negative strains in different biovars: the lecithinase-positive strains in biovar 1 and the lecithinase-negative strains in biovars 2 through 5. In our study, biovar 1 of Wauters belonged to a cluster different from that of the lecithinase-negative biovars ( Fig. 1 and 2 ). These findings support the suggestion that the rhamnose-negative strains of Y. enterocolitica comprise two taxonomic subgroups.
The rhamose-and lecithinase-negative strains of cluster 3 (Fig. 2) were biochemically heterogeneous (Table 2) . Sakazaki et al. (28) distinguished two phenotypic clusters among such strains. Therefore, it is possible that there is a subgroup among the rhamnose-and lecithinasenegative Y. enterocolitica strains.
Our results support the suggestion that the sucrose-negative strains of Y. enterocofitica do indeed belong to the genus Yersinia. The G + C contents of the DNAs of these strains coincide with those of Y. enterocofitica serovar 0 3 and Y. pseudotuberculosis serovar IVA. Our sucrosenegative isolates were clustered differently from the typical rhamnose-negative strains of Y. enterocolitica. This is in accord with the results of The frequency of recovery of atypical rhamnose-positive strains from freshwater ecosystems (7, 33) is apparently high. In our study, these strains were divided into the following groups: (i) the rhamnose-positive and raffinoseand melibiose-negative group and (ii) the rhamnose-, raffinose-, and melibiose-positive group (clusters 4 and 5). This is in accord with the DNA-DNA hybridization data (6, 7, 33). The new name Yersinia frederiksenii was proposed by Ursing et al. (33) for the former group, and for the latter group the name Yersinia intermedia was offered by Brenner et al.
. All of the Y. pseudotuberculosis strains were in one cluster according to either the 22°C phenogram or the 37°C phenogram.
Harvey and Pickett (12) reported that a 30°C Y. enterocolitica matrix differentiated more clusters than a 35°C matrix because the enzymes of the organisms are more active at the lower temperature. In our study, the lecithinase activities of the positive strains tested were generally weak, and six of the strains were negative in this character at 37°C. Our study also showed that more clusters were delineated at the lower temperature and that the biochemical characters of the strains within each cluster were more homogenous at 22°C. Therefore, we prefer the five clusters derived from the 22°C data to the four clusters derived from the 37°C data in our study. Furthermore, we apply five biovars to the five clusters as follows: (i) biovar 1, the rhamnosenegative and lecithinase-and sucrose-positive strains; (ii) biovar 2, the rhamnose-, lecithinase-, and sucrose-negative strains; (iii) biovar 3, the rhamnose-and lecithinase-negative, sucrosepositive strains; (iv) biovar 4, the rhamnose-, lecithinase-, and sucrose-positive strains; and (v) biovar 5 , the rhamnose-positive, lecithinasenegative, and sucrose-positive strains.
Two reference strains (rhamnose-and lecithinase-negative, sucrose-positive strain 1 and rhamnose-, lecithinase-, and sucrose-negative strain 4) were not clustered in our study. These strains differed from the other strains with respect to utilization of single carbon sources and antibiotic susceptibilities. The fact that these two strains did not cluster may be due to their sources and place of isolation, small rodents in Japan. Therefore, it appears that taxonomic studies on strains collected from diverse origins are necessary.
